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This paper attempts to investigate the problem for the interaction between a uniformly subsonic moving screw dislo-
cation and interface cracks in two dissimilar anisotropic materials. Using Riemann–Schwarz’s symmetry principle integrat-
ed with the analysis singularity of complex functions, we present the general elastic solutions of this problem and the closed
form solutions for interface containing one and two cracks. The expressions of stress intensity factors at the crack tips and
image force acting on moving dislocation are derived explicitly. The results show that the stress intensity factors at the
crack tips decrease with increasing velocity of dislocation, and larger dislocation velocity leads to the equilibrium position
of dislocation leaving from crack tips. The presented solutions contain previously known results as the special cases.
 2006 Elsevier Ltd. All rights reserved.
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The elastic interaction between dislocations and interfacial cracks is very important in studying the mechan-
ical behavior of crystal materials. The study of dislocations interacting with interfacial cracks in the mechanics
and materials science is motivated by the need of a better understanding of the mechanism of strengthening
and toughening of materials. Due to its importance, this problem has received much attention during the last
several decades. Most studies were concerned with stationary dislocations. Works by Gao and Wang (2001),
Gao and Balke (2003), Zhang et al. (2002), Fang et al. (2003), Chen et al. (2004a,b, 2005) provide some exam-
ples of current contributions. Under most dynamic conditions, dislocations move so slowly that the dynamic
stresses and displacements are approximated quite accurately by these static solutions. However, there are
some special ﬁelds such as crack formation and shock loading in which dynamic eﬀects are thought to be
important (Hirth and Lothe, 1982). For these reasons, there are also some works reported in the literature
which treat moving dislocation problems. Weertman and Weertman (1980) did the detailed review, where they
summarized most of the contributions up to the end of 1970s. Markenscoﬀ (1980) presented the solution to the0020-7683/$ - see front matter  2006 Elsevier Ltd. All rights reserved.
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behavior of accelerating dislocations and the singularities involved are discussed by Markenscoﬀ (1982). A dif-
ferential equation is proposed to describe the evolution of a screw dislocation in a continuous medium under
externally applied displacement ﬁeld by Lund (1985). Payton (1988) analyzed the problem of a constrained
transversely isotropic elastic solid was excited by a suddenly applied moving dislocation. Recently, Tsai
et al. (1995) investigated the problem of a moving screw dislocation near a surface crack using dislocation
modeling. Wang and Wang (1996) ﬁrst studied the transient motion of an interface screw dislocation. Zaiser
and Aifantis (1999) considered the dynamic interaction between dislocations moving on palled slip planes.
Khannanov (1999) obtained the integral representations for the electroelastic ﬁelds of moving dislocation
in terms of a four-dimensional formalism of dynamic Green’s functions. The problem of a dislocation starting
from rest and moving with constant velocity in a general anisotropic solid was considered by Wu (2002). A
moving screw dislocation in a transversely isotropic piezoelectric was dealt with by Wang and Zhong
(2002). Taking into account the some speciﬁc deformation conditions, Zaiser and Aifantis (2003) argued that
the connection between ‘geometrically necessary’ dislocation and size eﬀects in crystal plasticity should be
established on the basis of dislocation dynamics, Wu et al. (2003) discussed the problem of a moving screw
dislocation in piezoelectric biamaterials. Wu (2003) got the full-ﬁeld dynamic solution of an interfacial dislo-
cation in bonded anisotropic elastic half-spaces. Yang (2004) and Liu et al. (2005) considered the problem of a
moving dislocation in a magneto–electro-elastic solid. Soh et al. (2005) presented an explicated closed-form
solution for a moving dislocation in an anisotropic piezoelectric solid. All the above investigations did not
consider the inﬂuence of interfacial crack on moving dislocation.
In this paper, the elastic interaction between a moving screw dislocation and interface cracks in anisotropic
bimaterials is dealt with. Using Riemann–Schwarz’s symmetry principle integrated with the analysis singular-
ity of complex functions, we present the general elastic solution of this problem and the closed form solutions
for interface containing one crack and two cracks. The expressions of stress intensity factors at the crack tips
and image force acting on dislocation are derived explicitly. Results presented in this paper contain the pre-
vious known solutions as special cases. Here, we should point out that as the dimensions decrease, the inﬂu-
ence of higher order gradients and size eﬀects on moving dislocation become important and which one can ﬁnd
out in works of Gutkin and Aifantis (1996, 1999), Aifantis (2003), Kioseoglou et al. (2006). Also in our further
work we will take size eﬀects into account.
2. Basic formulation and problem description
For an anisotropic material with a symmetry plane x3 = 0, the anti-plane deformation can be decoupled
from the in-plane deformation, then there are only nontrivial displacement u3, stresses r13 and r23 in the Carte-
sian coordinates. All components are only functions of variables x1 and x2. The mechanical constitutive equa-
tions can be expressed as (Kattis and Providas, 1998):r13 ¼ c55u3;1 þ c45u3;2; r23 ¼ c45u3;1 þ c44u3;2 ð1Þ
where c44, c45 and c55 are elastic constants.
In the absence of body forces, the governing equation for an anisotropic elastic medium isr13;1 þ r23;2 ¼ q€u3 ð2Þ
where (€) = o2( )/ot2, and q is the mass density of the medium. Substitution Eq. (1) into (2) will yieldc55
o2u3
ox21
þ 2c45 o
2u3
ox1ox2
þ c44 o
2u3
ox22
¼ q€u3 ð3ÞThe problem to consider is as follows. Referring to Fig. 1, let anisotropic medium I occupy the upper half-
plane, while anisotropic medium II occupy the lower half-plane. A series of collinear interfacial cracks lie
along a part L of the interface between two materials, where L is a union of cracks segments Lj with the
end points aj and cj (j = 1,2, . . . ,n). The crack surfaces are considered traction-free. L
0 is the remainder of
the interface which two dissimilar materials are perfectly bonded. Without loss of generality, at time t = 0,
assume the transient location of the screw dislocation z0 (here, z0 is a complex variable which will be adopt
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Fig. 1. (a) Model of a moving screw dislocation near interface cracks. (b) A crack in the interface. (c) Two cracks in the interface. (d)
Perfect interface or free surface.
4208 B. Li et al. / International Journal of Solids and Structures 44 (2007) 4206–4219in the following text and z0 = x10 + ix20,x20 > 0) in the upper half-plane. The dislocation is characterized by
Burgers vector b, and moving with uniformly subsonic velocity v in the x direction.
The boundary conditions of displacements and stresses for the present problem can be expressed as follows:rþ23ð1Þ ¼ r23ð2Þ on L0 ð4Þ
uþ3ð1Þ ¼ u3ð2Þ on L0 ð5Þ
rþ23ð1Þ ¼ r23ð2Þ ¼ 0 on L ð6Þwhere the subscripts 1 and 2 denote the quantities deﬁned in the upper and lower half-planes, with the super-
scripts + and  used to denoting the boundary values of the physical quantities as they approached from the
upper and lower half-planes, respectively. From Eq. (5), we haveu0þ3ð1Þ ¼ u03ð2Þ on L0 ð7Þ
where u03 ¼ ou3=ox1. From Eq. (6), we getrþ23ð1Þ þ r23ð2Þ ¼ 0 on L ð8Þ
rþ23ð1Þ  r23ð2Þ ¼ 0 on L ð9ÞIn addition, we assume that the loads at inﬁnity are zero.
3. General solution of problem
By a coordinate translation, we introduce a new coordinate system (x,y) asx ¼ x1  vt; y ¼ x2 ð10Þ
then Eq. (3) can be transformed to the following equation in the new coordinate systemc55
o2u3
ox2
þ 2c45 o
2u3
oxoy
þ c44 o
2u3
oy2
¼ 0 ð11Þwith c55 ¼ c55  qv2.
Referring the work of Kattis and Providas (1998), we denote thatn ¼ xþ ly ð12Þ
where the eigenvalue l is found to bel ¼  c45
c44
þ i
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
c44c55  c245
p
c44
ð13Þ
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ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
c44c55  c245
p
.
Then, the displacements (derivative) and stresses of the upper and lower half-planes can be written, respec-
tively, in terms of a complex potential function of variables nk (k = 1,2) asu03 ¼ 
i
bk
½UkðnkÞ  UkðnkÞ ð15Þ
r13ðkÞ ¼ ½ljUkðnkÞ þ ljUkðnkÞ ð16Þ
r23ðkÞ ¼ UkðnkÞ þ UkðnkÞ ð17Þwhere UkðnkÞ ¼ u0kðnkÞ, the superscript prime stands for derivative with respect to nk.
Referring to the works by Pak (1990), Jiang et al. (2001) and Kattis and Providas (1998), the generalized
analytic functions U1(z1) and U2(z2) in the upper and lower half-planes respectively under consideration can be
written asU1ðn1Þ ¼
b1b
2p
 1
n1  n0
þ U10ðn1Þ y > 0 ð18Þ
U2ðn2Þ ¼ U20ðn2Þ y < 0 ð19Þ
where n0 = x0 + l1y0, U10(n1) and U20(n2) are holomorphic in the upper and lower half-planes, respectively,
and they vanish at inﬁnity.
Noting that n1 = n2 = x on x-axis, the solution procedure of the function with argument nk (k = 1,2) can be
translated into the corresponding function with argument z = x + iy.
Applying the Riemann-Schwarz symmetry principle, a new analytic function Xk(z) can be introduced:XkðzÞ ¼ UkðzÞ ¼ UkðzÞ; ðk ¼ 1; 2Þ ð20Þ
From Eqs. (4) and (9), it is seen thatrþ23ð1Þ ¼ r23ð2Þ on L þ L0 ð21Þ
where L* and L
0
 are related to L and L
0 in the old coordinates, respectively.
Substituting Eq. (17) into (21), and noting that Eq. (20), we obtain½U1ðxÞ  X2ðxÞþ ¼ ½U2ðxÞ  X1ðxÞ on L þ L0 ð22Þ
which implies that U1(z)  X2(z) and U2(z)  X1(z) are a both direct analytic continuation through the real
axis.
According to the generalized Liouville’s theorem, Eq. (22) leads tohðzÞ ¼ U1ðzÞ  X2ðzÞ y > 0
U2ðzÞ  X1ðzÞ y < 0

ð23ÞwherehðzÞ ¼ b1b
2p
ð 1
z z0 
1
z z0Þ ð24ÞSubstituting Eq. (15) into Eq. (7), we have½b2U1ðxÞ þ b1X2ðxÞþ ¼ ½b1U2ðxÞ þ b2X1ðxÞ on L0 ð25Þ
which implies that b2U1(z) + b1X2(z) and b1U2(z) + b2X1(z) are a both direct analytic continuation through L
0
.
Letting
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b1U2ðzÞ þ b2X1ðzÞ y < 0

ð26ÞFrom the analysis of the singularity of g(z), it is seen thatgðzÞ ¼ b1b2b
2p
1
z z0 þ
1
z z0
 
þ g0ðzÞ ð27Þwhere g0(z) is holomorphic in the whole plane cut along L* and it vanishes at inﬁnity.
From Eqs. (23) and (26), we getU1ðzÞ ¼ b1b1 þ b2
hðzÞ þ 1
b1 þ b2
gðzÞ y > 0 ð28Þ
X2ðzÞ ¼  b2b1 þ b2
hðzÞ þ 1
b1 þ b2
gðzÞ y > 0 ð29Þ
U2ðzÞ ¼ b2b1 þ b2
hðzÞ þ 1
b1 þ b2
gðzÞ y < 0 ð30Þ
X1ðzÞ ¼  b1b1 þ b2
hðzÞ þ 1
b1 þ b2
gðzÞ y < 0 ð31ÞSubstituting Eqs. (28)–(31) into Eq. (8), we havegþðxÞ þ gðxÞ ¼ 0 on L ð32Þ
According to Muskhelishvili (1975), the general solution of Eq. (32) can be written asgðzÞ ¼ b1b2b
2p
1
X 0ðz0Þ 
1
z z0 þ
1
X 0ðz0Þ 
1
z z0
 
X 0ðzÞ þ PðzÞX 0ðzÞ ð33ÞwhereP ðzÞ ¼ Cnzn þ Cn1zn1 þ    þ C0 ð34Þ
X 0ðzÞ ¼
Yn
j¼1
ðz ajÞ1=2ðz bjÞ1=2 ð35Þwith aj* and bj* are related to aj and bj, respectively. Namely, aj* = aj  vt, bj* = bj  vt. X0(z) is a single-valued
branch in the plane cut along with L0 and for whichlim
jzj!1
znX 0ðzÞ ¼ 1 ð36ÞBy a comparison of the expansions of (33) and (27) at inﬁnity, we obtainCn ¼ 0 ð37Þ
There are remaining n unknown constants in Eq. (33) are determined from the displacement and continuity
conditions at the tip of crack.Z bj
aj
u0þ3 dx ¼
Z bj
aj
u03 dx j ¼ 1; 2; . . . ; n ð38ÞNoting (28)–(31), (38) can be reduced to n closed contour integrals.I
^j
gðzÞdz ¼ 0 j ¼ 1; 2; . . . ; n ð39Þwhere ^j is a closed contour encircling each crack Lj* with (z0;z0) outside the contour.
The set of n linear algebraic equations given by (39) determine solely n remaining integration constants.
Once g(z) is available, Uk(z) and Xk(z) (k = 1,2) will be simply obtained. By replacing z by n, we get the func-
tion Uk(nk) and Xk(nk) of the original problem (Yang and Yuan, 1995).
B. Li et al. / International Journal of Solids and Structures 44 (2007) 4206–4219 42114. Closed form solutions for typical cases
Case 1: moving dislocation interacting with an interface crack
Assuming that an interface crack symmetrically placed with respect to the x2-axis whose ends are located at
a and a, see Fig. 1(b).
From (35), we haveX 0ðzÞ ¼ 1ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðzþ vtÞ2  a2
q ð40Þ
Substituting Eqs. (37) and (40) into Eq. (39), we obtainC0 ¼ b1b2=p ð41Þ
Substituting Eqs. (40) and (41) into Eq. (33), g(z) can be easily obtained. Then, from (28) and (30), and replac-
ing z by n, it is seen thatU1ðn1Þ¼
b1b
2pðb1þb2Þ
b1
1
n1n0
 1
n1n0
 
þb2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðn0þ vtÞ2a2
q
n1n0
þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðn0þvtÞ2a2
q
n1n0
þ2
0
@
1
A 1ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðn1þ vtÞ2a2
q
2
64
3
75
ð42Þ
U2ðn2Þ ¼
b1b2b
2pðb1 þ b2Þ
1
n2  n0
 1
n2  n0
þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðn0 þ vtÞ2  a2
q
n2  n0
þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðn0 þ vtÞ2  a2
q
n2  n0
þ 2
0
@
1
A 1ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðn2 þ vtÞ2  a2
q
2
64
3
75
ð43Þ
When c44 = c55 and c45 = 0, the corresponding solution for isotropic bimaterials can be get simply. Ulteri-
orly, letting v = 0, Eqs. (42) and (43) reduce to the results of Zhang and Li (1991). When l1 = l2 and b1 = b2,
we obtain the solution for the problem of corresponding homogenous material containing one internal crack
asUðnÞ ¼ bb
4p
1
n n0
 1
n n0
þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðn0 þ vtÞ2  a2
q
n n0
þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðn0 þ vtÞ2  a2
q
n n0
þ 2
0
@
1
A 1ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðnþ vtÞ2  a2
q
2
64
3
75 ð44ÞAs far as we can see, this is a new solution.
The solution for a moving screw dislocation interacting with perfect interface of bimaterials can be easily
obtained from Eqs. (42) and (43) by letting a = 0.U1ðn1Þ ¼
b1b
2pðb1 þ b2Þ
ðb1 þ b2Þ
1
n1  n0
 ðb1  b2Þ
1
n1  n0
 
ð45Þ
U2ðn2Þ ¼
b1b2b
pðb1 þ b2Þ
1
n2  n0
ð46ÞLetting l1 = l2 and b1 = b2, and substituting Eqs. (45) and (46) into Eq. (15) or (14), the solution is identical
to the results of Bullough and Biby (1954). The solution for isotropic material, which is derived from Eqs. (45)
and (46), agrees with the solution of Eshelby (1949).
In Eqs. (42) and (43), letting b2 = 0, we get the solution for a moving screw dislocation interacting with a
free surface.U1ðn1Þ ¼
b1b
2p
1
n1  n0
 1
n1  n0
 
ð47Þ
U2ðn2Þ ¼ 0 ð48Þ
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Assuming that two interfacial cracks symmetrically placed with respect to the x2-axis whose ends are c
and a, a and c (c > a), respectively, see Fig. 1(c).
From Eqs. (34) and (35) and noting that Eq. (37), we haveP ðzÞ ¼ C1zþ C0 ð49Þ
X 0ðzÞ ¼ 1ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
½ðzþ vtÞ2  a2½ðzþ vtÞ2  c2
q ð50Þ
Substituting Eqs. (49) and (50) into Eq. (39), and using residue theorem, we obtainC1 ¼ 0 ð51Þ
Substituting Eq. (51) into Eq. (33), and noting Eq. (39), leads toC0 ¼ b1b2b
2pF ð/; rÞ
½2cPð/; g; rÞ þ ðz0 þ vt  cÞF ð/; rÞX 0ðz0Þ
ðz0 þ vtÞ2  c2
þ ½2cPð/; g
0; rÞ þ ðz0 þ vt  cÞF ð/; rÞX 0ðz0Þ
ðz0 þ vtÞ2  c2
" #
ð52Þ
where F(/, r) and P(/,g, r) are the ﬁrst and third kinds of complete elliptic integrals as deﬁned in Gradshteyn
and Ryzhik (1980), with/ ¼ p
2
; r ¼ c a
cþ a ; g ¼
ða cÞðz0 þ vt þ cÞ
ðaþ cÞðz0 þ vt  cÞ ; g
0 ¼ ða cÞðz0 þ vt þ cÞðaþ cÞðz0 þ vt  cÞ
Then, from (28) and (30), and replacing z with n, we can getU1ðn1Þ ¼
b1b
2pðb1 þ b2Þ
b1
1
n1  n0
 1
n1  n0
 
þ b2
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
½ðn0 þ vtÞ2  a2½ðn0 þ vtÞ2  c2
q
n1  n0
0
@
2
4
þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
½ðn0 þ vtÞ2  a2½ðn0 þ vtÞ2  c2
q
n1  n0
þ 2pðb1 þ b2ÞC0
b1b2b
1
A 1ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
½ðn1 þ vtÞ2  a2½ðn1 þ vtÞ2  c2
q
3
75
ð53Þ
U2ðn2Þ ¼
b1b2b
2pðb1 þ b2Þ
1
n2  n0
 1
n2  n0
þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
½ðn0 þ vtÞ2  a2½ðn0 þ vtÞ2  c2
q
n2  n0
0
@
2
4
þ
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
½ðn0 þ vtÞ2  a2½ðn0 þ vtÞ2  c2
q
n2  n0
þ 2pðb1 þ b2ÞC0
b1b2b
1
A 1ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
½ðn2 þ vtÞ2  a2½ðn2 þ vtÞ2  c2
q
3
75
ð54ÞFrom Eqs. (53) and (54), we can also obtain the results Eqs. (44)–(48). Here we omit the detail for saving
space.
5. Stress intensity factors of the crack tips
The stress intensity factor at the crack tips lk can be deﬁned asKIII ¼
ﬃﬃﬃﬃﬃ
2p
p
lim
n1!lk
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
n1  lk
p
U1ðn1Þ ð55ÞWhen the interface of two dissimilar materials contains one crack, we can calculate the SIF of the right tip of
the crack by substituting Eq. (42) into Eq. (55) as
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A ð56ÞFor the case of two cracks in the interface, we can obtain the SIFs of crack tips of one crack by inserting Eq.
(53) into Eq. (55) asKIII ¼ b1b2b
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ð57Þat the crack tip a, andKIII ¼ b1b2b
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ð58Þat the crack tip c.6. Image force on the dislocation
Taking the case of one interface crack for example, we focus on the image force on the moving screw dis-
location in the following. Firstly, we must calculate the perturbation stress at the dislocation. According to the
work of Pak (1990), the perturbation stress components ~r13 and ~r23 are obtained by subtracting this attribu-
tion to the dislocation in the corresponding inﬁnite homogeneous medium from stress ﬁeld which gets from
Eqs. (16), (17) and (42), then taking the limit for n1 approaches to n0.~r13 ¼  b1bpðb1 þ b2Þ
Re  l1b1
n0  n0
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ð60ÞReferring to Weertman and Weertman (1980) and Pak (1990), the image force components on dislocation are
given asF x ¼ b~r23; F y ¼ b~r13 ð61ÞInserting Eqs. (59) and (60) into Eq. (61), we obtain
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ð63ÞThe solution for the problem of corresponding homogenous material containing one internal crack can be eas-
ily gotten from Eqs. (62) and (63) by letting b1 = b2. Here the details are omitted for saving space.
From Eqs. (62) and (63), we can obtain some other interest solutions. Assuming a = 0 and noting that bk
(k = 1,2) are real constants, the solution for a moving dislocation interacting with the perfect interface of
bimaterials can be given asF x ¼ 0 ð64Þ
F y ¼ b1b
2
pðb1 þ b2Þ
Re
l1
n0  n0
ðb2  b1Þ
 
ð65ÞAssuming b2 = 0, we get the solution for a moving dislocation interacting with free surface asF x ¼ 0 ð66Þ
F y ¼ b
2
2p
Re  l1
n0  n0
b1
 
ð67ÞFor the cases of perfect interface and free surface, as one expected, image forces along x-direction vanish due
to symmetry.
7. Numerical analysis and discussion
This section provides numerical examples that indicate how the velocity of dislocation aﬀects the stress
intensity factors at the crack tip and forces on the moving dislocation. Assuming that the materials I and
II are carbon-epoxy and a-quartz (SiO2), respectively, and the material properties are listed asc44 ¼ 3:98 GPa; c55 ¼ 6:4 GPa; c45 ¼ 0; q ¼ 1:57 103 kg=m3for carbon-epoxy (Pramanik et al., 1999), andc44 ¼ 57:94 GPa; c55 ¼ 39:875 GPa; c45 ¼ 17:91 GPa; q ¼ 2:651 103 kg=m3for a-quartz (SiO2) (Iovane et al., 2004).
In the following, we mainly focus on the case of the interface of bimaterials containing one crack. For con-
venience of analyzing the SIFs and image forces, two polar coordinates are introduced as shown in Figs. 1(b)
and (d). It is assumed that a = 0.01 m, r0 = 0.01 m, t = 0. The SIFs and image forces on the moving screw
dislocation can be normalized by parametersK0 ¼ c44ð1Þb
2
ﬃﬃﬃﬃﬃ
pa
p ; F 10 ¼ c44ð1Þb
2
2pa
; F 20 ¼ c44ð1Þb
2
2pr0
;and the velocity of dislocation and the distance between crack tip and location of dislocation are normalized as
v0 ¼ v=
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
c44ð1Þ=q1
p
, k = r/a.
With the aid of Eq. (56), the variation of normalized stress intensity factor KIII with k for diﬀerent dislo-
cation velocities when h = 45 is shown in Fig. 2. It is seen that the absolute values of normalized SIF for dif-
ferent v0 decrease with the increase of k. The absolute value of SIF will decrease with increasing dislocation
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Fig. 2. Normalized stress intensity factor KIII versus k with diﬀerent dislocation velocities when h = 45.
B. Li et al. / International Journal of Solids and Structures 44 (2007) 4206–4219 4215velocity for the same distance between crack tip and dislocation position. Obviously, the absolute magnitudes
of stress intensity factor at the crack tip arising from the moving dislocation are smaller than those arising
from the static dislocation when the dislocation position is given. Fig. 3 shows the normalized stress intensity
factor KIII versus h with diﬀerent dislocation velocities when k = 0.3. The magnitudes of SIF increase with
increasing angle. When the angle approaches some a value, SIF changes the sign.
The variation of normalized image force Fx versus k with diﬀerent dislocation velocities when h = 45 is
illustrated in Fig. 4. The absolute normalize image forces decrease when the distance between crack tip and
dislocation location increase and tend to zero. Noticeably, the absolute magnitude of image force increases
due to the motion of dislocation. In addition, the crack always attracts the dislocation regardless of the motion
of dislocation. The variation of normalized image force Fx versus h with diﬀerent dislocation velocities when
k = 1 is plotted in Fig. 5. It can be seen that, with the increase of angle h, the magnitudes of normalized image
force ﬁrst increase and then decrease and there is a critical h at which image force changes sign, namely, this
point is equilibrium position. Furthermore, the critical value of angle h for moving dislocation is larger than
this for static dislocation. The maximum value of attraction image force arising from crack and interface
belongs to static dislocation, however, the maximum value of repulsion image force arising from those defects
belongs to moving dislocation. We attempt to unpuzzle the reason for zero image force appearing when h is
equal to 180 as: noting k = r/a and here k = 1, that is r = a, it may be found that the dislocation locates at the
origin, in this case, the image force of x1-direction is equal to zero due to the symmetry with respect to the
x2-axis. The variation of normalized image force Fy versus k with diﬀerent dislocation velocities when(dq egree)
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Fig. 3. Normalized stress intensity factor KIII versus h with diﬀerent dislocation velocities when k = 0.3.
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Fig. 4. Normalized image force Fx versus k with diﬀerent dislocation velocities when h = 45.
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Fig. 5. Normalized image force Fx versus h with diﬀerent dislocation velocities when k = 1.
Fig. 6. Normalized image force Fy versus k with diﬀerent dislocation velocities when h = 45.
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Fig. 7. Normalized image force Fy versus h with diﬀerent dislocation velocities when k = 1.
Fig. 8. Normalized image force Fy versus h with diﬀerent dislocation velocities for perfect interface and free surface.
B. Li et al. / International Journal of Solids and Structures 44 (2007) 4206–4219 4217h = 45 is depicted in Fig. 6. It is shown that the normalized image force is always positive due to the material
II is harder than material I and the magnitudes of normalized image force decrease with increasing distance
between crack tip and dislocation position, ﬁnally tend to diﬀerent constant values. In Fig. 7, we plot the var-
iation of normalized image force Fy versus h with diﬀerent dislocation velocities when k = 1. It is found that,
with the increase of angle h, the magnitudes of image force ﬁrst decrease and then increase in some sort and
ﬁnally decease rapidly. There is a stable equilibrium position near h = 160 and the image force is equal to zero
at this point.
For the cases of perfect interface and free surface, the variation of normalized image force Fy versus h with
diﬀerent dislocation velocities is shown in Fig. 8. It is obvious that Fy is symmetric with respect to h = 90 and
positive for perfect interface and negative for free surface which is regardless of the motion of dislocation.
However, the minimum absolute magnitudes of image forces arising from both perfect interface and free sur-
face for moving dislocation are smaller than those for static dislocation.
8. Conclusion
The elastic interaction between a uniformly moving screw dislocation and interface cracks in anisotropic
bimaterials is investigated. The general solution for this problem is presented by means of complex variable
method. As typical cases, the analytical solutions for interface containing one and two cracks are derived.
In addition, the perfect interface and free surface are also discussed. The expressions of stress intensity factors
and image forces acting on the moving dislocation are given explicit. Results show that, velocity of dislocation
4218 B. Li et al. / International Journal of Solids and Structures 44 (2007) 4206–4219can weaken the stress intensity factors at the crack tips and alter the equilibrium position of dislocation. These
properties could be valuable information for manufacture and employing of materials. The obtained explicit
solutions can be used as Green’s functions to solve the problem of interaction between interface cracks and
moving cracks in anisotropic bimaterials.Acknowledgements
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